Objectives: The objective of this study was to evaluate the impact of phthalate exposure on pregnancy duration and birth outcomes based on the Polish Mother and Child Cohort (REPRO_PL). Material and Methods: Phthalate exposure was determined by measuring 11 phthalate metabolites (mono-ethyl phthalate (MEP), mono-iso-butyl phthalate (MiBP), mono-n-butyl phthalate (MnBP), 3OH-mono-n-butyl phthalate (OH-MnBP), mono-benzyl phthalate (MBzP), mono-(2-ethylhexyl) phthalate (MEHP), mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-hydroxy-iso-nonyl phthalate (MHiNP), mono-oxo-iso-nonyl phthalate (MOiNP), and mono-n-octyl phthalate (MOP)) in the urine collected from 165 mothers during the third trimester of pregnancy by high performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS). The following measures at birth were considered: gestational age, birth weight, length as well as head and chest circumference. Results: Pregnancy duration was inversely associated with natural log concentrations (μg/g creatinine) of MEP (standardized regression coefficient (β) = -0.2, p = 0.04) after adjustment for a variety of confounders. Significant impact of MOiNP on head circumference (β = -0.1, p = 0.05) was also observed. Conclusions: The study findings add further support to the hypothesis that phthalate exposure may be associated with shorter pregnancy duration and a decreased head circumference, and underscore importance of public health interventions to reduce that exposure.
INTRODUCTION
Phthalates are frequently used as plasticizers and solvents, and thus they are widely present in the environment. Low-molecular weight phthalates (low-MWP) such as diethyl phthalate (DEP) are mostly metabolized to their hydrolytic monoesters. They are used as coating for pharmaceuticals or in personal care products, including cosmetics or perfumes [1] . High-molecular weight been found in amniotic fluid, placental tissue, cord blood and neonatal meconium [2] [3] [4] [5] [6] . During prenatal period there is a critical window for organ and system development when exposure to chemicals, at the level that is not dangerous for adults, may adversely affect morphology and functioning of the systems. Birth outcomes, such as birth weight, have been frequently used for evaluation of fetal development and have been indicated to predict occurrence of diseases and neurodevelopment delay later in life [7] [8] [9] . Several studies on the effects of prenatal phthalate exposure on pregnancy duration and birth outcomes have been published [4] [5] [6] [10] [11] [12] [13] [14] [15] [16] [17] . However, the studies evaluating the impact of phthalate exposure on duration of pregnancy are not consistent. Some of them have indicated no effect [10] and other a decreased [4, 6, [14] [15] [16] [17] as well as increased gestational age [11, 13] . In addition, in some studies [10, 12] no association between phthalate exposure and birth outcomes has been observed, whereas in otherstatistically significant positive [11] and negative associations have been reported [5, 6] . The aim of this study was to assess the impact of prenatal phthalate exposure on pregnancy duration and various birth outcomes.
MATERIAL AND METHODS Study design and population
The present study is based on the data from the Polish Mother and Child Cohort (REPRO_PL) -a multicenter prospective cohort study launched in 2007 with the aim to evaluate a variety of environmental factors contributing to the pregnancy outcomes, children's health and neurodevelopment. The mothers' recruitment and follow-up procedures have been previously published [18] . The women were recruited provided they fulfilled the following inclusion criteria: single pregnancy up to 12 weeks of gestation, no assisted conception, no pregnancy complications, and no chronic diseases as specified in the study IJOMEH 2016;29(4) 685 Creatinine concentration was measured using the Jaffe static method (working range: 0.05-5.00 g creatinine/l).
Outcome assessment and possible confounders
The analysis included the following birth outcomes (measured by a clinical nurse after birth with the standard measurement procedures): child birth weight (in grams), birth length, head and chest circumference (in centimeters). Pregnancy duration was estimated using the date of the last menstrual period (LMP) or ultrasound if it differed from the LMP-based estimate by > 2 weeks. The mothers completed a detailed questionnaire concerning socio-demographic characteristics, environmental exposures and lifestyle variables 3 times during pregnancy (weeks: 8-12, 20-24 and 30-34) . The questionnaires were administered during personal interviews by trained midwives. Factors that could confound the relationship between phthalate exposure and birth outcomes were selected a priori from a set of characteristics and then tested (for their association with birth outcomes and with the level of metabolites). The following potential confounders were considered: gestational age (for birth parameters), child gender, maternal active and passive smoking (by the cotinine level in saliva), alcohol consumption during pregnancy, maternal age, height, pre-pregnancy body mass index (BMI), maternal marital, educational and employment status, and parity. Prenatal exposure to tobacco constituents was assessed based on the cotinine level in saliva (collected from the women during the third trimester of pregnancy) at NIOM using the high performance liquid chromatography coupled with tandem mass spectrometry/ positive electrospray ionization (LC-ESI+MS/MS) and isotope dilution method [24] .
Statistical analysis
Continuous data were expressed as mean ± standard deviation (M±SD) (for birth outcomes, gestational age, and MEOHP as total DEHP and MHiNP and MOiNP as DiNP. In addition, high-MWP (as the sum of molar concentrations of MEHP, MEHHP, MEOHP, MHiNP, MOiNP and MOP) and low-MWP (as the sum of molar concentrations of MEP, MiBP, MnBP, OH-MnBP and MBzP) were calculated. The selected phthalate metabolites were similar as in other studies and indicated the proxy of exposure to different types of products [1, 12, [19] [20] [21] [22] .
Analytical protocol
The details regarding chemical analysis have been previously published [23] . Briefly, urinary phthalate metabolites were determined using the liquid chromatography coupled with tandem mass spectrometry with negative electrospray ionisation (Waters QuattroMicro API tandem mass spectrometer, Waters, USA), in a concentration range of 0.4-500 μg/l. 
RESULTS

Child and parental characteristics
Demographic, socio-economic, lifestyle and exposure characteristics of the mothers and their children are summarized in Table 1 . About 56% of the children were girls. On average, the children were born at the 39th week of gestation (±1.5 week) with the mean birth weight of 3308 g (±470 g) and length of 55 cm (±2.7 cm). The mean maternal age was 31 years (±4.2 year). Most of the mothers (56%) had a university degree. High proportion of the women were married and employed (> 75%). Based on the women's subjective perception of sufficiency of financial resources, about 82% of the mothers were in a medium socio-economic status category (sufficient money for current expenses with or without possibility to put aside some amount of money) and 13% indicated a low socio-economic status (insufficient money for current expenses and living). In the case of 46% of the women, current pregnancy was the first one. Nine percent of the women were categorized as underweight and 17% of them as overweight or obese, based on prepregnancy BMI. About 5% of the women consumed alcohol and 13% of them smoked cigarettes during pregnancy. Table 2 shows the urinary concentrations (uncorrected and creatinine-corrected) of all the measured phthalate maternal age, pre-pregnancy BMI and saliva cotinine level, included as continuous variables in the model), and as 50th and 95th percentiles and ranges (for phthalate metabolites). Categorical data were presented as numbers and frequencies (%). Concentrations of phthalate metabolites below LOD were assigned a value equal to 1/2 LOD (except for MBzP, for which only the detected values were included in the analysis). Phthalate metabolite, creatinine and cotinine levels were log transformed. Of 165 eligible urine samples from the mothers, the creatinine assessment was not performed for 5 samples, and for 10 samples the creatinine level was below the selected value (0.2 g/l and 3.0 g/l) so the final model included 150 samples. Robust linear regression was performed for each phthalate metabolite and for the sum of metabolites. The following 2 sets of confounders were taken into account: -Model 1 -child gender and gestational age (for biometric parameters at birth), -Model 2 -all potential confounders significant at 0.1 level in the regression analysis and the creatinine level. Statistical reasoning was conducted based on the statistical tests with a significance level of 0.05. In the multiple-regression analysis, data were expressed as regression coefficient (β), its standard error (SE) and p values. The statistical analyses were performed using R 3.0.1 statistical package. N -number of respondents; DEP -diethyl phthalate; DiBP -di-iso-butyl phthalate; DnBP -di-n-butyl phthalate; BBzP -butyl-benzyl phthalate; DEHP -di(2-ethylhexyl) phthalate; DiNP -di-iso-nonyl phthalate; DOP -di-n-octyl phthalate. * As 49% of the samples were above LOD (limit of detection) the median was calculated for detected samples. MEP -mono-ethyl phthalate; MiBP -mono-iso-butyl phthalate; MnBP -mono-n-butyl phthalate; OH-MnBP -3OH-mono-n-butyl phthalate; MBzP -mono-benzyl phthalate; MEHP -mono-(2-ethylhexyl) phthalate; MEHHP -mono-(2-ethyl-5-hydroxyhexyl) phthalate; MEOHP -mono-(2-ethyl-5-oxohexyl) phthalate; MHiNP -mono-hydroxy-iso-nonyl phthalate; MOiNP -mono-oxo-iso-nonyl phthalate; MOP -mono-n-octyl phthalate. Me -median; P95 -95th percentile; min. -minimal value; max -maximal value.
Characteristics of the exposure variables
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689 p = 0.05) ( Table 4 ). Other phthalates (as metabolites or the sum of metabolites) were not associated with any other birth outcomes after adjustment.
DISCUSSION
Our study indicates an inverse association between prenatal exposure to DEP and pregnancy duration after adjustment for a variety of possible confounders. In addition, child head circumference was inversely associated with natural log increase in MOiNP. Associations between prenatal exposure to phthalates and other analyzed birth outcomes were not significant in the multivariable adjusted model.
Exposure assessment
The urinary concentrations of phthalate metabolites ranged from below LOD to even several 1000-fold higher, which indicates large differences in individual exposure. Overall, exposure levels were well below the health-based guidance values for DEHP (as the sum of MEHHP and MEOHP: 300 μg/l for women of childbearing age) [25] . In our study 95 percentiles for MnBP, MiBP, MEHHP, MEOHP for pregnant women were about twice as high as the reference value specified by the German Human Biomonitoring Commission for adult population [26] . In the case of MBzP and MOiNP, in our study such values were lower and in the case of MHiNP they were on the same level. Levels of most of the phthalate metabolites detected in the urine of pregnant women in Poland were in an order of magnitude similar to that observed among pregnant women in Denmark [27] . It is important to note that MEP levels were much lower in Poland (as well as in Denmark and Japan) compared to those observed in Spain, France, the Netherlands and US [10] [11] [12] [27] [28] [29] . In addition, MBzP was detected only in 49% of Polish samples, which is similar to the results observed in Denmark (MBzP > LOD in 69% of the samples) but lower metabolites. We detected 5 out of 11 phthalate metabolites (namely MEP, MnBP, OH-MnBP, MEOHP, and MHiNP) in at least 90% of the samples. Phthalate BBzP metabolite was detected at the level above LOD in 49% of the urine samples. The phthalate metabolites with the highest median concentration were: MEP (18.7 μg/l, 22.7 μg/g creatinine) followed by MiBP (10.3 μg/l, 11.1 μg/g creatinine) and OH-MnBP (4 μg/l, 5 μg/g creatinine).
The levels of majority of the analytes were positively correlated within the same urine samples. Except for correlations between MEP and MBzP or DiNP or MOP, and between DiNP and MiBP or DEHP or MOP, all the other phthalates were significantly correlated with each other (with correlation coefficients ranging from r = 0.2, p < 0.05 to r = 0.7, p < 0.01) (details included in a previous publication [23] ).
Impact of prenatal phthalate exposure on pregnancy duration and birth outcomes Table 3 presents the effects of prenatal phthalate exposure (based on phthalate metabolites or the molar sum of metabolites) on pregnancy duration and birth outcomes. Based on the model adjusted for child gender, the adverse effect of MEP exposure on pregnancy duration was of borderline significance (β = −0.2, p = 0.06). Other phthalates were not significantly associated with gestational age. In the analysis adjusted for child gender and gestational age, child length was positively associated with a natural log increase in MHiNP and molar sum of MHiNP and MOiNP (β = 0.3, p = 0.02 for both of the associations). For other phthalates there were no statistically significant associations with any other pregnancy outcomes. The further adjustment for additional confounders (creatinine, maternal education, marital status, parity, prepregnancy BMI, cotinine level in saliva) indicated a significant impact of MEP on pregnancy duration (β = -0.2, p = 0.04) and MOiNP on head circumference (β = -0.1, β -regression coefficient; SE -standard error. Other abbreviations as in Table 2 . Bolded values are statistically significant or of borderline significance. Metabolites or the molar sum of metabolites. Abbreviations as in Table 2 and 3 .
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692 pregnancy on the risk of preterm birth, indicated that exposure to MEHP, mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP), ∑DEHP was associated with significantly elevated odds of prematurity, and that exposure to MEHP, MECPP, ∑DEHP, MBP, MEOHP, mono-(2-carboxypropyl) phthalate (MCPP) increased the risk of spontaneous preterm births [14, 15] . Detailed analyses have shown that the observed associations were strongest for the phthalate levels in urine collected at the beginning of the third trimester of pregnancy [14] . Similarly as in our study, in the study by Huang et al. (2014) [6] MEP exposure was associated with gestational age reduction. Just as in our analysis, in the study performed by Huang et al. (2014) phthalate exposure decreased the head circumference (statistically significant association has been noted in females) [6] . On the other hand, a positive association between phthalate exposure and the head circumference was observed by Wolff et al. (2008) [11] . In the studies by Suzuki et al. (2010) and Philippat et al. (2012) after adjustment for a variety of confounders, no statistically significant associations were observed between phthalate exposure and birth outcomes [10, 12] . In animal studies, phthalates induced a variety of adverse effects, among which most were related to reproductive and developmental outcomes. Phthalates are considered to be endocrine disrupting chemicals in many aspects, including estrogenic, anti-androgenic and anti-thyroid activities [19, 33, 34] . Pregnant rats exposed to phthalates had reductions in ovarian and uterine weight, progesterone levels and ovulatory follicles. Prenatal phthalate exposure has been reported to result in the increase of developmental abnormalities such as cleft palate and skeletal malformations, increased fetal death and decreased fetal body weight and pregnancy duration [34] . While the majority of animal studies on DEP do not show reproductive and developmental toxicity [34, 35] , some of the human studies have found significant adverse associations [6] . than in the other mentioned studies (where MBzP was detected in 100% of the samples) [10] [11] [12] [27] [28] [29] .
The differences in the levels of phthalate metabolites between the populations may result from different exposure profiles. The existing studies provide the evidence that urinary biomarkers represent phthalate exposure from various products [1, 21, 30] . The analysis performed by Buckey et al. (2013) indicated a higher level of mono-butyl phthalate (MBP) among pregnant women who used nail polish, MBzP among those who used eye makeup or used makeup on a regular basis, and DEHP metabolites among those who used cologne or perfume [21] . House products (household chemicals or cleaning products, fabric softeners, air fresheners), home flooring or paneling were also associated with urinary phthalates [21] . In addition, food is thought to be a significant source of exposure due to the use of phthalates in packaging [31] .
Phthalate exposure and pregnancy duration and birth outcomes
Taking into account the fact that phthalates are ubiquitous in daily life, potential consequences of human exposure to phthalates have raised concerns in general population and have been studied in susceptible groups, including pregnant women [32] . Results of the studies of the impact of phthalates on pregnancy duration are not consistent. In the studies that measured phthalate metabolite levels in cord blood or, similarly as in our study, in the urine collected in the third trimester of pregnancy, 4 noted significant associations with shortened pregnancy duration or increased odds of preterm birth [4, 6, 16, 17] , while 2 other studies indicated longer gestation with an increase in concentrations of phthalate metabolites (which as suggested by Wolff et al. (2009) can result from residual confounding) [11, 13] . No association was noted by Suzuki et al. (2010) [10] . Two recently published papers that evaluated the impact of phthalates measured in urine collected 4 times during
Strengths and limitations
The prospective study design with well-assessed exposure levels based on biomarker measurements is an advantage of the current analysis. Additionally, a series of detailed questionnaires makes it possible to perform a reliable assessment of exposure and confounding variables. We measured 11 phthalate metabolites, which allows a more comprehensive assessment of exposure. Some limitations of our study also need to be mentioned. First, the current analysis is based on a relatively small sample size, which might not be large enough to have a statistical power to detect the effect of prenatal phthalate exposure on birth outcomes. Taking into account the sample size of our population, we were not able to assess genderspecific effect indicated in other analyses. Second, our maternal exposure may be too low to elicit the inverse effects reported in other studies. In addition, the exact time of the day and time-void for urine sampling was unavailable. However, it can be assumed that in our population most samples represent first morning voids. Because most of primary phthalate metabolites have a short half-life and some exposures are unlikely to occur within 8-10 h prior to morning voids, phthalate exposure may be underestimated in some of the samples. Since for DEHP it was possible to analyze primary metabolite (MEHP -the first step of DEHP metabolism pathway) and 2 secondary metabolites representing further steps of its metabolism (i.e., hydroxyl and oxo MEHP -the 2nd and the 3rd step), it was possible to identify the extent (progress) of DEHP metabolism. Thus, we calculated the ratio of the 2nd to the 1st step as 59.8 and the 3rd to the 2nd step as 5.7, which are much higher values than those calculated by Enke et al. (2013) (2.4 and 0.9, respectively) [30] . The explanation of this observation is that the time period between exposure to phthalates and urine sampling for the analysis was longer in our study than in the study by Enke et al. (2013) [30] . Nevertheless, we assessed the total daily intake of DEHP and DEP applying calculation
It is crucial to be aware that phthalates in animal stu dies were usually tested one at a time, while humans are exposed to multiple phthalates simultaneously [35] . Rodent data suggest that exposure to multiple phthalates at low doses conveys risk in a dose additive manner [36] [37] [38] . Another point which needs to be considered is that human exposure to DEP occurs primarily via the skin and secondarily via inhalation. In contrast, in almost all animal studies, exposure is oral. As indicated by , different mechanisms can explain the relationship between phthalate exposure and a shortened pregnancy or preterm delivery [14, 15] . First, phthalate exposure can cause impaired placentation early in pregnancy via induction of oxidative stress [39] [40] [41] . Increases in circulating maternal levels of reactive oxygen species can cause apoptosis and alter cytotrophoblast turnover rate in the developing placenta, leading to impaired placentation and in consequence preeclampsia or intrauterine growth restriction (IUGR), which are characteristics of a placental preterm birth [14, 15] . Second, phthalates have been shown to induce proinflammatory cytokine release in cell lines and have been linked to the increased systemic levels of inflammatory markers [42] [43] [44] . Alternative pathways, for example via phthalate disruption of reproductive hormones are plausible as well [14, 15] .
Confounding factors
We assessed potential for confounding for a wide range of data on socio-economic factors and lifestyle habits. The advantage of the current analysis is the fact that child prenatal exposure to tobacco constituents was assessed not only based on questionnaire data (performed in majority of the studies) but also on the cotinine level in biological samples, which enabled a more reliable assessment of such an exposure. In our study, we focused on healthy women with no chronic diseases and pregnancy complications. Therefore, such conditions should not alter the associations. [45] and using both primary and secondary metabolites. The total daily intake of DEHP was 108.5 μg/day and DEP -176.5 μg/day; which is close to the values calculated based on the same model by Koch et al. (2003) [46] . It needs to be pointed that in majority of the studies in this field, the assessment of exposure was based on phthalate levels in urine collected, as in our study, during the third trimester of pregnancy [11, 13, 16, 17] or in cord blood [4] [5] [6] . Additionally, the recently published study by in which phthalate metabolites were measured 4 times in pregnancy period, has indicated that urinary phthalate metabolite levels showed moderate individual and population-wide variability during pregnancy, and that most of them demonstrated a slightly downward sloping trend across gestation [14] .
CONCLUSIONS
The study findings add further support to the hypothesis that phthalate exposure may be associated with a shortened pregnancy duration and a decreased head circumference and they underscore importance of policies and public health interventions to reduce that exposure.
